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CUP TYPE PIPELINE INFLATION xNcnoiz 

BACKGROUND OF THE 
There are many occasions during the inspection and 5 

repair of pipelines when it necessary to seal off the 
bore of the pipeline at "a given location. For example, a 
pipeline ‘may require sealing at a'certain point in order 
to patcha leak or allow replacement of a section. In 
other instances, the pipeline bore. may be sealed and the 10 
pressure raised behindzthe sealing’ device in order to‘ 
ascertain »if ‘a leak exists in a particular pipeline section, 
the presence of such leak being indicated by.-a failureof 
the pipeline to holdtpressure. Several prior art ap 
proaches have been taken in the design of such sealing 15 
devices. . 1 . ' . .t » 

U.S.~.Pat. No. 3,593,749 discloses a pipeline pig stop 
perwhichvrelies on mechanical grippers or slips, to ?x _ 
the pig in the pipeline bore, after which an in?atable 
element is expanded to effect vthe actual seal_.. Major '20 
disadvantages of suchla device include the limitation of 
grippingpower due to therelatively small sizeand rigid I. 
con?guration ofthe , grippers, and damage incurred by 
the interior, of the pipefin which the grippers, are. set,’ 
These grippers may not conform exactly.toltheipipeline' Z5 
bore wall, which maybe vlined with relatively soft 'plas- ' 
tics. Such plasticscan'beeasilydamagedlby the gripper 
serrations,vpartie_iilarly if the grippers are not, perfectly ’ 
aligned with the bore wall. " ' i " ' ' 

U.S. Pat. No. 3,762,446discloses ‘a pipeliniiilea‘kv ‘15253;- I 30. 
mg and sealing apparatus employing an in?atableblad-v 
der. There is no, anchor mechanism included‘ in the 

device,- 1 " " . . U.S.‘ Pat. No. 3,903,72v8‘di'sclosesa' ‘pip‘elin‘e' pig‘ em?" 

ploying the wedging action'of aIdisc-sha‘rjed rigid plate 35 
against a resilient sealing cup to holdvthe, device‘ in 
place. The strength of the anchoring force'is limited by . 
the shear strength of the resilient‘ cup material.“ 1 ' " ' 

U.S. PatgNo. 3,978,678 discloses a pipeline plugging 
apparatus of ‘relatively complex design ‘which ‘employs 40 
rigid gripping surfaces‘, generally referred‘to' as “slips” 
in the artj‘to ‘grip the pipeline walls'Th'ese slip's‘ require‘ 
mechanical activation andl'may' ‘damage a vpipelinel'in 
lng‘ . ,( ..,‘~'‘.'>, ’ U.S. Pat; No. 4,077,435 discloses a pipelin'e'plugging 45 

apparatus which ‘relies on stopping mechanisms inserted 
in the-wal'l""of’,tl'1ev pipeline ‘to arrest'plug' movement, 
subsequently sealing: the pipeline bore ‘with an ‘expand 
able elastomer seal. While effective, the use of such 
stopping'mechanismsj necessarily limits the use of such 50 
plugs‘to instances where the pipeline is easily accessible 
and where ya leak has already been located." ‘ 

U.S. Pat. No. 4,079,755 discloses a rubber-covered 
inflatable pipeline‘ plug reinforced with tire cord ‘to 
withstand 'high‘in?ation pressures; The utilization of an 55 
elastomer‘neces‘sarily limits the anchoring force obtain 
able by the device, as the elastomer will tend to “creep” 
at1 high‘ pipeline pressures, acting like ahighly viscous 
?uid." Such “creep’” is extremely‘undesirable, particu 
larly‘ when an exact‘ pipeline loci'ati‘c‘invis ‘desired for re-v 60 
pair or leak location purposes. I 

' Iii addition to “the ‘disadvantages ‘noted above,“ the 
prior art devices- also ‘are extremely’ limited in their 
ability to traverse v‘curves in a pipeline-“unless they are. 
made extremely ‘short relative to their diameter, and a 65 
number of anchors or plugs‘employed in- tandem. This is » 
due in part to'the limited expandability of the 'priortart 
devices, necessitating outer diameters which place the 

2 
unset gripping or anchoring means close to the pipeline 
wall, and in part due to the fact that these devices are of 
a relatively constant diameter throughout their length. 
Two other prior art devices disclosed in U.S. applica 

tions Ser. Nos. 309,621 and 309,645, assigned to Hal 
liburton Company, employ highly ?exible metallic an 
choring elementsksuch as woven or calendered steel 
cable ‘for frictional engagement with conduit walls. 
While a marked improvement 'on'the previously cited ' 
prior art, these devices require the use of in?atable 
bladders, with their attendant complex control mecha 
nisms, unreliability in repeated use and the necessity for 
in?ating and de?ating the bladder with a hydraulic ?uid 
each time the device is moved in the conduit. 1 

' Yet another prior art pipeline plug is disclosed in U.S. 
Pat. No. 3,835,889, wherein a rigid metal plug head 
encases a thick-walled‘ trailing elastomeric cup-shaped 
casing having-longitudinally extending metal ribs sur 
rounding the outside thereof and attached to the plug 
head. As pressure is increased behind the cup (through 
use'of valve mechanisms) the elastomer ‘at the trailing - 
end of the‘casing' expands .to'create a seal. and‘ theeribsx 
are pressed against the pipeline wall. The initial seal of ' 
the‘ elastomeric casing isv‘extremely weak due to the 
limited ?exibility of the thick elastomer wall and to the 
extremelyshorteffective sealing area available. Fur 
thermore, the relatively rigid ‘ribs result in possible slip? 
page as pressur'e'is increased after the initial ‘elastomer/ 
wall seal, as'frictiona'l resistance to plug slippageis not 
greatlyenhanced untillthe metal ribs are engaged along 
their v.full: ‘longitudinal extent'due to the lack of an‘ an 
choring, effect in ,the’ initial elastomer/wall contact. 
Such slippage mayalsoresultin damage to the pipeline 
interior. Moreover, the large outer diameter of‘this 
device combined with the rigidity of the elastomeric 
casing/metal , rib combination prevents traversal of 
acute bends on the pipeline and obstructions such as 
debris or welding residue. ' 

‘ _ SUMMARY OF'THE INVENTION I 

In contrast to the prior art, the‘ in?ation anchor of the, 
present invention comprisesa simple; reliable, highly 
?exible apparatus for sealinggoff a pipeline or other 
conduit at a precise location, with the capability to‘. hold 
the seal‘ withoutslippage until such time‘ asja single 
valve is opened or pressure‘ behind the in?ation anchor 
is relieved. _.; 
The in?ation anchorof the present invention includes 

a single shoe assembly to which a tubular elastomeric 
element is bonded. Theelastorneric element comprises a 
tubular bladdenwhich is attached to the shoe assembly 
at one of its ends, and'a cup, which is cure-bondedtoithe 
bladder at its other end. The cup flares‘rto a greater 
diameter than the bladder, and overlays one end of a 
double layer of calendered steel cable which is ?xed t0 
the shoe assembly at its other end, and surrounds and 
extendsbver most of the longitudinal extent of the blad 
der. When .the. in?ation. anchor isto be activated, a 
singlevalve- is closed, preventing-?owthrough the 
anchor resulting in a pressuring differential across the 
anchor. At this point, the trailing edge of the cup will 
seat and. ?rmly-seal against the conduit wall, the seal 
length and initialanchoring effect being increased as 
more-got‘. the cup is expanded with further pressure in 
creases. .After ‘substantially the entire cup exterior 
contacts the conduitwall, the progressive nature of the 
anchor, ‘expansion results in an immediate engagement 
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of the anchor against higher pressures as the calendered 
cable grips the conduit wall, the frictional holding force 
increasing as more of the cable grips the conduit wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention willvbe more readily under 
stood by referring to the following detailed description 
of the preferred embodiment of the present invention, 
taken in conjunction with the accompanying drawings, 
wherein: . 

FIG. 1 is a horizontal half-section elevation of the 
in?ation anchor of the present invention at its rests, 
unin?ated, in a conduit. 

FIG. 2 is a horizontal half-section elevation of the 
in?ation anchor shown in FIG. 1 fully in?ated and 
anchored in the conduit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, in?ation anchor 10 of the present 
invention is depicted in a horizontal pipeline or other 
conduit 12. ‘In?ation anchor 10 comprises shoe assem 
bly 14, which in turn includes annular shoe base 16, 
which is surrounded by annular shoe wedge 18 
threadedto shoe base 16 at annular shoulder 20. Scuff 
ring 24, preferably of polyurethane, surrounds shoe base 
16 at undercut 22. Shoe assembly 14 further includes 
disc 26 having threaded adapter 28 therethrough, shoe 
base 16, disc 26 and adapter 28 being preferably welded 
together. ' 

Tubular elastomeric bladder 30, preferably of natural 
rubber or polyurethane, is bonded to shoe base 16 at 
annular undercut 32. A double layer 34 and 36 of calen 
dered cable, preferably 7X19 stainless aircraft cable, 
surrounds tubular bladder 30 substantially to its fullest 
longitudinal extent. The cable layers 34 and 36 are pref 
erably laid ‘on a 40"included angle, being a 20' opposite 
bias to the axis of in?ation anchor 10 for‘ each layer as 
depicted in the cutaway portion of the lower half ‘ of 
FIG. 1. Layers of natural rubber 38 and 40 are prefera 
bly interposed between tubular bladder 30 and cable 
layer 34, and‘ between cable layer 34 and cable layer 36, 
respectively. The exterior of cable layer 36 is left ex 
posed throughout most of its longitudinal extent. 
The ends of cable layers 34 and 36 surrounding shoe 

base 16 are clamped between shoe base 16 and shoe 
wedge 18, any empty areas of the annular space be 
tween these portions of shoe assembly 14 being filled 
with epoxy resin through ports 42 about the circumfer 
ence of shoe wedge 18. When the epoxy resin has ?lled 
the aforesaid‘ annular space, it will extrude through a 
plurality of ports 44, ports 42 and 44 then being closed 
with pipe plugs 46. ' 

Elastomeric cup 48, which extends from tubular blad 
der 30 to the end of in?ation anchor 10, overlaps the 
free (unclamped) ends of cable layers 34 and 36 as well 
as the free end of tubular bladder 30. The cup 48 is 
bonded to bladder 30 as well as to cable layers 34 and 36 
by the heat curing of the rubber elements. The bond line 
between bladder 30 and cup 48 is shown by broken line 
49. . ‘ ‘ . » 

Cup 48 ?ares radially outward at area 50, which is of 
relatively thick wall diameter, after which the wall 
portion 52 continues the ?are to aslesser degree, and 
becomes extremely thin relative toathe ‘cup diameter. 
The free end and trailing edge of cup 48 possesses annu 
lar ribs 54 and 56, the latter of which tapers outwardly 
to join the outer wall of the cup. The location of ribs 54 

10 

20 

25 

40 

45 

55 

60 

65 

4 
and 56 possesses a greater wall thickness than that of 
area 52, to lend reinforcement to the free end of the cup 
48 and prevent cup 48 from collapsing when little or no 
pressure differential exists across in?ation anchor 10. 

OPERATION OF THE PREFERRED 
EMBODIMENT 

The operation of in?ation anchor 10 will now be 
described with reference to FIGS. 1 and 2 of the draw 
ings. FIG. 1 shows in?ation anchor 10 unin?ated in a 
horizontal conduit. This is the normal mode in which 
in?ation anchor 10 is “pumped” through a conduit by 
attachment at adapter 28 to a number of driving cups of 
substantially the same outer diameter as the inside diam 
eter of the conduit. Such driving cups are known in the 
art, examples thereof being disclosed in the aforesaid 
US. Pat. No. 3,835,889, assigned to Halliburton Com 
pany, which is hereby incorporated by reference. The 
in?ation anchor 10 is prevented from in?ating by use of 
a relief valve, ‘depicted schematically at 60, and is main 
tained in an open position to permit ?uid passage be 
tween the exterior 58 and the center 62 of in?ation 
anchor 10, thus equalizing pressures and preventing 
expansion of cup 48 against conduit 12. The opening 
and closing of the valve 60 may be controlled by a radio 
orelectromagnetic signal receiver located within the 
center 62 of in?ation anchor 10, through the action of 
an electric motor or solenoid, such devices being well 
known in the prior art. 
When it is desired to plug the conduit for the pur 

poses of ascertaining whether the conduit will hold 
pressure between the entry point of the in?ation anchor 
and its location after movement in the conduit, a signal 
is sent by the operator and valve 60 is closed. Pressure 
is then applied to the ?uid in the conduit, which acts 
upon the interior of cup 48, forcing the free end thereof 
outwardly against the wall of conduit 12. While a slight 
gap is shown in FIG. 1 between the free end of cup 48 
and the wall of conduit 12, it should be understood that 
it is preferred that an interference ?t exist between the 
two, so as to ensure substantially instantaneous sealing 
and initial anchoring of inflation anchor 10 upon closing 
of valve 60. Such expansion may occur at a relatively 
low pressure, below 50 PSI for example and not by way 
of limitation, due to the elastomeric characteristics of 
cup 48. As the pressure is increased, cup 48 expands 
further so that the exposed cable layer 36 contacts the 
conduit wall, providing exceptional frictional anchor 
ing forces due to the multitudinous contact points 
achieved by the cable; This high degree of surface 
contact, in comparison to mechanical slips, lowers the 
compression and shear forces per square inch on the 
conduit wall, thus greatly lessening damage to any rela 
tively soft conduit lining material, such as epoxy. In 
addition, the cable layers 34 and 36 provide reinforce~ 
ment against the high ?uid pressure (for example, 2500 
PSI) in the conduit as well as accommodating the 
300,000 pounds of tensile stress which may be generated 
against the body of the tool by the ?uid pressure behind 
it. 
Thus it is apparent that a self-setting in?ation anchor 

has been disclosed which is simple and ?exible yet rug 
ged enough to withstand repeated in?ations, and avoids 
the use of separate anchor and sealing mechanisms, 
complex valving, hydraulic lines and independent pres 
sure sources (gas accumulators) such as are known in 
the prior art. The only controls needed for operation of 
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in?ation anchor 10 are valve 60 and pressure variations 
in the conduit ?uid itself. _ 
While the present invention has been described in 

terms of a preferred embodiment, it should be under 
stood that many additions, deletions and modifications 
would be apparent to one of ordinary skill in the art. 
For example, the steel cable could be woven instead of 
calendered cable laid in layers. The scuff ring could be 
deleted and wheels substituted therefor. The rubber 
employed in the bladder and cup could be deleted and 
a polyurethane elastomer substituted therefor. These 
and other modi?cations may be made without departing ' 
from the spirit and scope of the claimed invention. 

I claim: 
1. An in?ation anchor adapted to travel through the 

interior of a conduit in an unin?ated state and to seal the 
bore thereof upon in?ation, comprising: i 

a shoe assembly including an annular shoe base, an 
annular shoe wedge threaded to said shoe base and 
a disc within said shoe base and ?xed thereto; 

a thin tubular elastomeric bladder having a leading 
end and a trailing end, said leading end being 
bonded to the interior of said shoe base; - I 

at least two layers of calendered metal cable sur 
rounding said tubular elastomeric bladder substan 
tially to its fullest longitudinal extent, each layer of 
said metal cable having a leading end and a trailing 
end and being laid on a bias to the other layer and 
to the axis of said in?ation anchor, both of said 
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6, 
layers being clamped between said shoe base and 
said shoe wedge at their said leading ends; and 

an elastomeric cup overlapping said trailing ends of 
said bladder and said cable layers, said elastomeric 
cup being bonded to both, said elastomeric cup 
having a relatively thick annular wall proximate to 
and surrounding said bond, and a substantially 
thinner and ?exible annular wall trailing therefrom, 
vsaid thinner and ?exible annular wall ?aring out 
wardly to a trailing edge of relatively greater thick 
ness which trailing edge possesses at least one rein 
forcing annular rib therein, said annular rib adapted 

. to prevent collapse of said trailing edge of said 
thinner and ?exible annular wall. 

2. The apparatus of claim 1, wherein said elastomeric 
cup and bladder comprise natural rubber. 

3. The apparatus of claim 2 further including a ?rst 
thin layer of natural rubber betweeneach of said cable 
layers, and a second thin layer of natural rubber be 
tween ‘the innermost of said cable layers and said blad 
der. - ' 

4. The apparatus of claim 1 wherein said shoe base 
and said shoe wedge de?ne an annular area therebe 
tween, said annular area being ?lled withepoxy. 

5. The apparatus of claim 1, further including a valve 
controlling a passage extending through said disc be 
tween the exterior and the interior of said in?ation an 
chor. 
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